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Punctate palmoplantar keratodermas (PPK) is a rare autosomal dominant cutaneous disorder characterized by
numerous hyperkeratotic papules that are irregularly distributed on the palms and soles. The genetic basis for this
disease is unknown. We performed a genome-wide search in two Chinese families with punctate PPK to map the
chromosome location of the responsible gene. We identiﬁed a locus at chromosome 8q24.13–8q24.21 with a
cumulative maximum two-point LOD score of 5.41 at markers D8S1793 and D8S1774 (at recombination fraction
h¼ 0.00). Haplotype analysis indicated that the disease gene is located within 9.20 cM region between markers
D8S1804 and D8S1720. It is the ﬁrst locus identiﬁed for the punctate PPK. This study provides a map location for
isolation of a disease gene-causing punctate PPK.
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Punctate palmoplantar keratodermas (PPK) (MIM number:
148600) is also called keratosis punctate palmoplantaris
Buschke–Fischer–Brauer type. It was first described by
Buschke and Fischer in 1910, and Brauer confirmed the
heredity of this dermatosis in 1913 (Emmert et al, 2003). It is
transmitted as an autosomal dominant pattern. The case
report of punctate PPK is very rare (Salamon et al, 1982;
Kelsell et al, 1995; Stevens et al, 1996b; Emmert et al, 2003).
Punctate PPK is clinically characterized by multiple
punctate keratoses over the surface of the palms and soles
(Kelsell and Steven, 1999). The lesions usually start to
develop in late childhood to adolescence but may also start
to appear up to the fifth decade in life (Emmert et al, 2003).
Apart from the skin lesions, there is no common associated
disorder in punctate PPK.
To date, the punctate PPK locus has not been genetically
mapped, although a number of candidate regions, such as
the keratin gene clusters, have been excluded by linkage
analysis (Kelsell et al, 1995). In order to localize the gene, we
carried out a genome-wide search in these two Chinese
families.
Discussion
Punctate PPK is a rare hereditary skin disease. It was first
described by Buschke and Fischer in 1910. It is clinically
characterized by multiple punctate keratoses over the
surface of the palms and soles. Its incidence was reported
as 1.17 per 100,000 in Croatin (Stanimirovic et al, 1993). So
far, only a few extended families have been reported.
Emmert reported 47 punctate PPK cases in 17 families; all
of these families reported are consistent with autosomal
dominant inheritance. Salamon studied a family with eight
cases including instances of male-to-male transmission
(Salamon et al, 1982), but in the other reports and our two
families the distribution between the affected men and
women did not differ significantly (Stevens et al, 1996b;
Emmert et al, 2003). Generally, disease expression was
more severe on the soles than on the palms, probably due
to higher pressure to the soles (Emmert et al, 2003). The
onset of the disease reported previously is between ages 12
and 30 y (Stevens et al, 1996b). In this study, the earliest
onset of punctate PPK of two families is 10 y in family 1 and
14 y in family 2. No lesions were found in a 7-y-old (III:18 in
family 1) boy harboring the disease haplotype. All other
individuals over 14 y carrying the disease haplotype have
developed typical lesions, suggesting a complete pene-
trance in individuals over 14 y of age in these two families.
Porokeratosis and acrokeratoelastoidosis (MIM number:
101850) should be differentiated from punctate PPK.
Porokeratosis is a disorder of keratinization that is char-
acterized by the presence of a cornoid lamella, columns of
stacks, and parakeratotic cells depressing the epidermis
(Wei et al, 2003). In acrokeratoelastoidosis, disorganized
elastic fibers are the histopathological hallmark (Stevens
et al, 1996b). These were not present in our two family
members. Clinical and histological characteristics of our
two families both supported the diagnosis of punctate PPK.
Punctate PPK belongs to the heterogeneous group of
skin disorders characterized by palmoplantar keratoderma.1These two authors contributed equally to the paper.
Abbreviations: OMIM, online Mendelian inheritance in man; PPK,
palmoplantar keratodermas
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Most of the PPKs have been mapped on different
chromosomes, and many mutations in keratin genes are
responsible for these disorders (Kimonis et al, 1994; Lind
et al, 1994; Reis et al, 1994; Bowden et al, 1995; Hennies
et al, 1995; McLean et al, 1995; Shamsher et al, 1995;
Stevens et al, 1996a; Starfield et al, 1997; Smith et al, 1998).
But in the punctate PPK, linkage was excluded from both
12q and 17q keratin clusters (Kelsell et al, 1995). In some
reports, punctate PPK was associated with malignancies.
Stevens et al (1996b) reported 10 of 43 adults with punctate
PPK who developed malignancies). Ena et al, (1986)
described a family with 8 affected individuals; one devel-
oped adeno-carcinoma of the colon at the age of 53 (Ena
et al, 1986). Bennion et al reported on three of eight affected
individuals who developed carcinoma (Bennion and Patter-
son, 1984). But none of the affected members in these two
families studied was found to have carcinoma. Emmert et al
(2003) reported 47 patients in 17 families, and nobody was
affected with carcinoma either. So it is highly questionable if
one can associate punctate PPK with malignancies.
According to the haplotype analysis, we positioned the
punctate PPK locus proximal to D8S1804 and distal to
D8S1720 in family 1. The localization was confirmed using
the second punctate PPK family. As a result, we identified a
locus on 8q24.13–8q24.21 for punctate PPK. There are 10
known genes including MTSS1, CDA11, NDUFB9 (MIM
601445), SQLE (MIM 602019), KIAA0196, TRC8 (MIM
603046), C8FW, POU5F1 (MIM 164177), NSE2 and MYC
(MIM 190080), and 11 predicted genes within this 4-Mb
critical region (http://www.ncbi.nlm.nih.gov/mapview/). The
MTSS1 gene can be considered as an attractive candidate.
MTSS1, also named MIM, is a potential metastasis
suppressor gene. Lee et al (2002) investigated that it may
be involved in cytoskeletal organization. In the epidermo-
lytic PPK, the mutated keratin filament weakens the
cytoskeleton, causing the filament network of keratinocyte
to collapse when the cell undergoes physical trauma (Kelsell
and Steven, 1999). NDUFB9 gene can be considered as an
attractive gene either. The product of NDUFB9 gene is a
nuclear encoded mitochondrial protein with the respiratory
electron transport chain, which plays roles in signal path-
ways. Whether these two genes are related to the punctate
PPK will be determined in our further study.
In summary, we have mapped a locus for punctate PPK
at 8q24.13–8q24.21. Further studies are continuing to refine
the genetic interval and screen candidate genes for
mutations. Our results may help us to search and clone
the disease gene of punctate PPK. It could help us
understand the molecular basis of this disease.
Materials and Methods
Subjects Two families with punctate PPK were identified through
probands from Anhui and Shanxi provinces in China. There are
nine affected individuals in family 1 and five affected individuals in
family 2, including eight males and six females. The earliest onset
of the disease in two families was at 10 y in family 1 and 14 y
in family 2, respectively. All family members received careful
examinations by experienced clinical dermatologists. Clinical and
histological characteristics supported the diagnosis of punctate
PPK. After informed consent was obtained, blood samples were
collected from available family members. Genomic DNA was
extracted from peripheral blood using the QIAamp DNA blood mini
kit (QIAgen). This study was approved by the IRB and all work was
done in accordance with Helsinki principles.
Genotyping We performed a genome-wide scan using 382
fluorescent microsatellite markers with an average marker density
of 10 cM from autosomes (ABI PRISM Linkage Mapping Set
Version 2). For fine mapping, 16 additional microsatellite markers
were selected from Genethon linkage maps (Dib et al, 1996). All the
markers were amplified by polymerase chain reaction (PCR). The
reactions were performed with a touchdown program in a 5 mL
volume containing 10 ng genomic DNA, 10 mM TRIS-HCl (pH 8.3),
50 mM KCl, 3.0 mM MgCl2, 0.2 mM of each dNTP, 0.04 mM of each
primer, and 0.2 unit AmpliTaq Gold (Perkin Elmer, USA). PCR
products were electrophoresed on a MegaBACE-1000 DNA
sequencer (Amersham Bioscience, Piscataway City, NJ). The size
of the allele was determined on the basis of MegaBACE ET400-R
Size Standard. Following the electrophoresis, data were collected
and analyzed with Image Control manager and Genetic Pro-
filer software (Amersham Bioscience, Piscataway City, NJ). All geno-
typing data were verified by PedCheck (O’Connell and Weeks,
1998). Genotypes of each locus were further reviewed and scored
independently by two observers in case of discrepancy.
Linkage and haplotype analysis Autosomal dominant inheri-
tance with 100% penetrance was assumed. The affected allele
frequency was taken as 0.0001. Marker allele frequencies were
obtained from genotyping data of these two families. The
recombination frequency was assumed to be equal for both sexes.
Two-point linkage analysis was performed using the Linkage
Version 5.10 (Lathrop et al, 1984). Haplotypes were constructed
with Cyrillic Version 2.02 software (Fig 1).
Clinical ﬁndings The subjects are from a four-generation punc-
tate PPK family (family 1) consisting of 33 individuals and a three-
generation punctate PPK family (family 2) consisting of 17
individuals. The mode of inheritance is clearly autosomal dominant
with complete penetrance. The affected individuals had multiple
punctate keratoses over the surface of the palm and sole (Fig
2a,b). The proband of family 1 was a 50-y-old woman. She noticed
the first symptoms at 15 y. The proband of family 2 was a 42-y-old
man and at the age of 14 y he developed several pinhead size
hyperkeratotic papules on the soles, then several of these papules
appeared on the palms, which were hardly noticeable. Skin biopsy
was performed on the proband of family 2 (Fig 3). Histologically, it
shows notable hyperkeratosis. A big wide and cup-like keratin plug
was observed, whereas at the edge of the lesion, instead of small
spikes keratin plugs were projecting. The depth of the stratum
granulosum had increased. The stratum spinosum had thickened
and the epithelial pegs extended obviously. The proliferation of the
epidermis and the upward extension of the dermal papillae
resulted in papillomatous hyperplasia.
Two-point linkage analysis We first undertook a genome-wide
scan of the large family 1; a supportive LOD score was obtained
with marker D8S514 (Zmax¼ 2.16, y¼ 0.00). For fine mapping of the
gene, 16 additional polymorphic microsatellite marks at 8q were
further tested. The markers D8S1793 and D8S1774 showed strong
evidence for linkage to chromosome 8q with a maximal LOD score
of 5.41 (y¼ 0.00). LOD scores 43 were also obtained for the other
markers: D8S514 (Zmax¼ 3.01, y¼ 0.00), D8S266 (Zmax¼ 4.48,
y¼ 0.00), and D8S1832 (Zmax¼ 3.31, y¼ 0.00). The pairwise LOD
scores between the relevant markers and the locus for punctate
PPK are given in Table I.
Haplotype analysis To determine the smallest interval containing
the punctate PPK locus, recombination events among the family
members were analyzed by haplotype reconstruction (Fig 1). The
telomeric border of the critical region was defined by a
recombination event, presenting in individuals III:4, III:18 of family
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1, and II:4 of family 2, between markers D8S1774 and D8S1720.
The evidence from these individuals localized the punctate PPK
locus telomeric to D8S1720. The proximal recombination events
could not be defined with certainty in our pedigrees because the
affected individual II:1 of family 1 was inferred homozygous for
alleles of D8S1832 and D8S1799, and hence the proximal cross-
over in individual II:5 could be present between any neighboring
markers of D8S1804, D8S1832, D8S1799, and D8S266. Thus the
most distal border of the critical region was defined by a
recombination between D8S1804 and D8S1832. These results
suggest that the gene responsible for puntate PPK lies in the 9.20




Clinical findings at the probands. (a). Hyperkeratotic papules on
the palms of the proband of family 1. (b). Hyperkeratotic papules on




Haplotype analysis of family 1 and family 2. Affected and unaffected individuals are represented by black and open symbols. Blackened bars
indicate the chromosome region shared by affected members of the pedigree. No lesions were found in a 7-y-old (III: 18) boy harboring the disease
haplotype.
Figure3
Biopsy of hyperkeratotic papules on the left palm of the proband of
family 2. (stained with hematoxylin).
THE LOCUS FOR PUNCTATE PPK AT 8q24.13–8q24.21 1123122 : 5 MAY 2004
This work was funded by grants from the Chinese High Tech Program
(863) (2001AA227031, 2001AA224021 and 2002BA711A10). We are
most grateful to the punctate PPK families for participating in this
study. We would like to express our thanks to Jian-Jun Chen, Hong-
Yan Wang, Yu-Jun Shen, and Min Gao for their support.
DOI: 10.1111/j.0022-202X.2004.22507.x
Manuscript received October 28, 2003; revised December 4, 2003;
accepted for publication December 15, 2003
Address correspondence to: Professor Xue-Jun Zhang, Institute of
Dermatology, Anhui Medical University, 69 Meishan Road, Hefei, Anhui
230032, PR China. Email: ayzxj@mail.hf.ah.cn
References
Bennion SD, Patterson JW: Keratosis punctata palmaris et plantaris and
adenocarcinoma of the colon. A possible familial association of punctate
keratoderma and gastrointestinal malignancy. J Am Acad Dermatol
10:587–591, 1984
Bowden PE, Haley JL, Kansky A, Rothnagel JA, Jones DO, Turner RJ: Mutation of
a type II keratin gene (K6a) in pachyonychia congenita. Nat Genet
10:363–365, 1995
Dib C, Faure S, Fizames C, et al: A comprehensive genetic map of the human
genome based on 5,264 microsatellites. Nature 380:152–154, 1996
Emmert S, Kuster W, Hennies HC, Zutt M, Haenssle H, Kretschmer L, Neumann
C: 47 patients in 14 families with the rare genodermatosis keratosis
punctata palmoplantaris Buschke–Fischer–Brauer. Eur J Dermatol 13:
16–20, 2003
Ena P, Cottoni F, Cerimele D, Saccabusi S, Retanda G: Association of
keratoderma punctata palmaris et plantaris with other morbid conditions
(early grayness, carcinoma of the colon). Study of 3 families. G Ital
Dermatol Venereol 121:45–54, 1986
Hennies HC, Kuster W, Mischke D, Reis A: Localization of a locus for the striated
form of palmoplantar keratoderma to chromosome 18q near the
desmosomal cadherin gene cluster. Hum Mol Genet 4:1015–1020, 1995
Kelsell DP, Steven HP: The palmoplantar keratodermas: much more than palms
and soles. Mol Med Today 5:107–113, 1999
Kelsell DP, Stevens HP, Ratnavel R, Bryant SP, Bishop DT, Leigh IM, Spurr NK:
Genetic linkage studies in non-epidermolytic palmoplantar keratoderma:
evidence for heterogeneity. Hum Mol Genet 4:1021–1025, 1995
Kimonis V, DiGiovanna JJ, Yang JM, Doyle SZ, Bale SJ, Compton JG: A mutation
in the V1 end domain of keratin 1 in non-epidermolytic palmar-plantar
keratoderma. J Invest Dermatol 103:764–769, 1994
Lathrop GM, Lalouel JM: Easy calculations of LOD scores and genetic risks on
small computers. Am J Hum Genet 36:460–465, 1984
Lee YG, Macoska JA, Korenchuk S, Pienta KJ: MIM, a potential metastasis
suppressor gene in bladder cancer. Neoplasia 4:291–294, 2002
Lind L, Lundstrom A, Hofer PA, Holmgren G: The gene for diffuse palmoplantar
keratoderma of the type found in northern Sweden is localized to
chromosome 12q11–q13. Hum Mol Genet 3:1789–1793, 1994
McLean WH, Rugg EL, Lunny DP, et al: Keratin 16 and keratin 17 mutations cause
pachyonychia congenita. Nat Genet 9:273–278, 1995
O’Connell JR, Weeks DE: PedCheck: A program for identification of genotype
incompatibilities in linkage analysis. Am J Hum Genet 63:259–266,
1998
Reis A, Hennies HC, Langbein L, et al: Keratin 9 gene mutation in epidermolytic
palmoplantar keratoderma (EPPK). Nat Genet 6:174–179, 1994
Salamon T, Stolic V, Lazovic-Tepavac O, Bosnjak D: Peculiar findings in a family
with keratodermia palmo-plantaris papulosa Buschke–Fischer–Brauer.
Hum Genet 60:314–319, 1982
Shamsher MK, Navsaria HA, Stevens HP, et al: Novel mutations in keratin 16 gene
underlie focal non-epidermolytic palmoplantar keratoderma (NEPPK) in
two families. Hum Mol Genet 4:1875–1881, 1995
Smith FJ, Jonkman MF, van Goor H, Coleman CM, Covello SP, Uitto J, McLean
WH: A mutation in human keratin K6b produces a phenocopy of the K17
disorder pachyonychia congenita type 2. Hum Mol Genet 7:1143–1148,
1998
Sobel E, Lang K: Descent graphs in pedigree analysis: Applications to
haplotyping. Location scales and market-share statistics. Am J Hum
Genet 58:1323–1337, 1996
Stanimirovic A, Kansky A, Basta-Juzbasic A, Skerlev M, Beck T: Hereditary
palmoplantar keratoderma, type papulosa, in Croatia. J Am Acad
Dermatol 29:435–437, 1993
Starfield M, Hennies HC, Jung M, et al: Localization of the gene causing
keratolytic winter erythema to chromosome 8p22-p23, and evidence for a
founder effect in South African Afrikaans-speakers. Am J Hum Genet
61:370–378, 1997
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